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Abstract- Both Multiband Orthogonal Frequency Division
Multiplexing (MB-OFDM) Ultra Wideband (UWB) technology
and Multiple-Input Multiple Output (MIMO)-OFDM technology
have been proposed for future wireless communications systems,
supporting data-rates in excess of 100Mbps. These two tech-
nologies use two different mechanisms to boost the data-rate. In
this paper we analyse the relative advantage, performances and
implementation issues of MIMO-OFDM based next generation
wireless LAN systems (IEEE 802.11n) and MB-OFDM UWB
based next generation wireless PAN systems (OFDM-UWB).
In this comparison, we will see that the distinctive differences
between OFDM-UWB and IEEE 802.11n technologies lead to
significant variations in the performances and different hardware
requirements.
I. INTRODUCTION
The next generation WLAN working group, IEEE802.1 In,
is working towards developing a WLAN standard capable of
handling data rates up to 500 Mbps using MIMO-OFDM tech-
nology. Ironically, this is the anticipated data rate of the WPAN
based on Ultra Wide-band (UWB) communications. Although
there are two competing UWB technologies, DS-UWB and
MB-OFDM UWB, we use the MB-OFDM proposal (OFDM-
UWB) for the comparison with the proposed IEEE 802.1 In
systems. With the longer range capability and the maturity of
the technology, future WLAN poses a stern competition for
the UWB communications systems. OFDM-UWB applications
will also have to concern how much OFDM-UWB devices
might interfere with the other radio users. It is anticipated
that these two technologies will compete to be the dominant
technology for high-speed wireless multimedia home networks
and personal area networks. A recent report [1] from the
Diffusion Group suggests that the OFDM-UWB technology
will face tough obstacles on the way to widespread market
penetration considering the market factors. In this paper, we
attempt do a fair technical comparison between these two
technologies paying special attention to bit-error performance
(BER), packet error rate performance (PER), advantages, and
disadvantages they offer and the implementation issues.
Although both OFDM-UWB and IEEE802.1 In use two
different concepts to achieve high data rates in wireless
communications, they are common in the sense that they both
use OFDM as the foundation PHY technique. Very high data
rates in a 20 MHz (or 40 MHz) bandwidth are achieved in
IEEE802.ltn by using multiple antennas at the transmitter
and the receiver and higher order modulation schemes [2].
OFDM-UWB on the other hand stick to low order modulation
schemes and achieve very high data rates by using a very large
bandwidth (528 MHz).
Both techniques can accommodate advanced signal pro-
cessing and coding techniques, such as beam-forming and
Low Density Parity Coding (LDPC) etc. Then the essential
difference between these two systems comes to the difference
in the signal bandwidth they occupy and the allowable trans-
mitter power. While the transmitter signal power in 802.1In
system can be nearly 45dBm higher than that of UWB, the
signal bandwidth of IEEE 802.1 In is only 4% of UWB
bandwidth. These differences lead to a competitive advantage
and a significant difference in the performance of these two
systems.
This paper is organized as follows. Section II describes the
OFDM-UWB and IEEE802.1 In systems. Section III provides
a system level comparison while Section IV compares the
simulated performances of the two systems. Finally, Section
V concludes the paper.
II. SYSTEM DESCRIPTION
A. OFDM-UWB systems
The block diagram of the OFDM-UWB transmitter is
shown in Fig. 1. Classical bit-interleaved coded modulation
(BICM) with a punctured maximum free distance, rate 1/3, and
constraint length 7 convolutional encoder is used. The inter-
leaved coded bits are mapped to quaternary phase-shift keying
(QPSK) symbols. A 128-point FFT is proposed for OFDM-
UWB, thus the Tone width is 4.125MHz. The time domain
signal generated via Inverse fast Fourier transform (IFFT) and
a guard interval is created by a 32 symbols zero padding. The
available 7.5GHz (3.1 -10.6GHz) Spectrum is divided into
14 sub-bands of bandwidth 528MHz. These bands are grouped
into four groups of three bands, to implement the frequency
hopping and achieve multiple user communications in a pico-
net. The radio frequency (RF) transmit signal hops in the first
frequency group, after each OFDM-UWB symbol between
three 528 MHz frequency bands with center frequencies at
3.432, 3.960, and 4.448 GHz. The OFDM-UWB transmission
is organized in packets with varying payload sizes. Extremely
large bandwidth of UWB will overlap with many existing
systems. Therefore, the OFDM-UWB signals has a strict PSD
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Fig. 1. Block diagram of OFDM-UWB transmission systems.
limitation of -41.25dBm/MHz. The power spectral density
(PSD) mask of the OFDM-UWB signal is shown in Fig. 2.
B. IEEE802. I In: MIMO-OFDM Systems
Presently, there exist two main proposals for IEEE802.1In:
WWiSE and TGnSync. Although there are some differences
between the two proposals, they are expected to converge
to a single proposal in the near future. However, this new
merged proposal will reflect parameters of both proposals.
Both these proposals use MIMO-OFDM over 20MHz or
optional 40MHz bandwidth, with a 64 or 128 subcarriers.
Higher order modulations, such as 16QAM and 64QAM, are
proposed for data-rates greater than 100Mbps.
Proposed IEEE802.1 In keep the signaling and frame struc-
ture of IEEE802.11a/g, but achieve higher data rates through
the use of MIMO concept as shown in Fig. 3. MIMO archi-
tecture with 2 x 2 or 4 x 4 are proposed. The transmitter block
diagram of the TGn Sync proposal is shown in Fig. 3. Because
of the narrow bandwidth, the PSD limitation is not as low as
in the case of OFDM-UWB. IEEE802.iln systems in 5GHz
band are allowed have a PSD of 3.98dBm/MHz.
III. SYSTEM LEVEL COMPARISON
OFDM provides any system with the ability to survive in
frequency selective fading channels and a high spectral effi-
ciency. But the drawbacks of OFDM enforce some constrains
on the system design. OFDM systems are highly sensitive to
the frequency offset errors [3], and this sensitivity increases
with the decreasing subcarrier interval. OFDM signals in the
time domain have very high Peak-to-average power ratios
(PAR), which increases with the number of subcarriers. These
problems exist in all OFDM-based systems including OFDM-
UWB and IEEE802.11n, but have different impacts as dis-
cussed below.
A. OFDM baseband comparison
Although PHY of both IEEE802.1 In and OFDM-UWB are
based on OFDM, they still have some differences. Three fac-
tors which define a communications systems are the data rate,
the bandwidth they occupy, and the channel conditions. Both
of IEEE802.iln and OFDM-UWB are designed to provide
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Fig. 2. PSD Mask and Spectrum of OFDM-UWB Systems
data rates up to 500 Mbps. Different concepts have been used
by IEEE802.1In and OFDM-UWB to achieve these data rates.
IEEE802.1 In achieves this data rate in a 20MHz or 40MHz
bandwidth. But OFDM-UWB system requires a very large
bandwidth of 528 MHz. The difference in bandwidth is
about 25 times. While the spectral efficiency of IEEE802.iin
systems in achieving 110 Mbps data rate is 5.4bit/Hz, the
spectral efficiency of OFDM-UWB to achieve the same data
rate is 0.208bit/Hz. This difference made the IEEE802.1In
systems use higher order modulation schemes such as 64QAM,
while OFDM-UWB can work with the low order modulation
scheme (QPSK). Since the large bandwidth of OFDM-UWB
overlaps with the frequency bands of many other applications,
FCC has imposed very strict transmit power limit to make sure
it will not interfere with the coexisting system. One direct
result of the transmission power constraint is low Signal to
Noise Ratio (SNR) in a OFDM-UWB system. OFDM-UWB
systems has a SNR in the order i7dB while the SNR of the
IEEE802.iln systems can be as high as 25dB.
The subcarriers spacing Af has to be decided based on
the coherent bandwidth of the channel. If the subcarrier
spacing is less than the coherence bandwidth of the channel
each frequency bin will experience a frequency flat fading.
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Fig. 3. Transmitter block Diagram of proposed IEEE802.1 In (TGn Sync)
The channel variation within a given OFDM symbol will
be translated into a noisy channel estimation at the receiver.
Increased noise in the channel estimation will degrade system
SNR thus by reducing the effective range. So the channel
must be narrow enough in frequency domain to ensure that
the channel variation is small enough such that the noise
introduced by the channel variation would not destroy the
system performance. The subcarrier spacing in OFDM-UWB
system is 4.125MHz about 13 times of the 312.5kHz in
IEEE802.11n. Therefore, it is evident that the OFDM-UWB
systems are more affected by the noise introduced by the
channel variations.
On the other hand, a large subcarrier spacing can reduce
the effect of inter-carrier interference (ICI) caused by the
frequency offset on the system performance. The SNR degra-
dation caused by the frequency offset of fe is given by [4],
D 10I f
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where Es is the SNR of AWGN noise. It is evident thatNo
the SNR degradation D caused by the frequency offset fe
is proportion to the Zfe. Therefore an OFDM system with aAf
larger subcarrier spacing has a better ability to survive in ICI
environments. In an environment with ICI, Af must be chosen
carefully so to make the channel response nearly flat in each
subcarrier as well as make the SNR degradation caused by
ICI as small as possible. As OFDM-UWB has a larger Af,
it is more robust against frequency offset errors and the SNR
caused by the ICI.
The IEEE802.1 In is designed to work for a longer distance
communication which has more sever channel variations com-
pared to the OFDM-UWB channel. The modulation scheme
used also have an impact on the system performance. Com-
pared with QPSK, 64QAM is more sensitive to the noise
caused by ICI and channel variations. Therefore the subcarrier
spacing in IEEE802.ltn should be much smaller than that of
OFDM-UWB systems.
We will next consider the effect of the chose of Af on
the implementation of the systems. In an OFDM system, the
subcarrier spacing Af is equal to:
Af B (2)
where B is the bandwidth and N is the number of subcarriers.
It is evident that when the bandwidth is fixed the Af becomes
smaller with the increasing number of subcarreirs (N) or the
FFT/IFFT in the OFDM system. FFT/IFFT computation needs
N log2 N number of complex multiplications. Therefore a
larger N means a larger complexity. IEEE802.1 In has a less
complexity and robust against channel variations but effected
by the SNR degradation caused by the ICI. On the other hand
OFDM-UWB system has a higher complexity and prone to
SNR degradation caused by the channel variations but robust
against SNR degradation caused by the ICI or frequency offet.
B. ADC requirement
Because of the high PAR of OFDM system the accuracy of
D/A, A/D Converter (ADC) and power backoff requirements
are usually emphasized in the OFDM designs. As shown in
the reference [5], there are two main factors which decides
the ADC bit width requirement; the SNR need for the demod-
ulation, SNRQAM, and the PAR clipping SNRilip. These
requirements have a close relationship with subcarrier numbers
and the modulation scheme used. For a M-QAM (M = 2b)
signal constellation, from which the OFDM signal is derived,
the SNRQAM for a given error probability Pe is given by [6]
3 (Q (4(1 2-b/2)))
where Q(x) = , exp 2 dv. If bmin is the minimum
total number of ADC bits required, we can get:
6bmin + 4.77 = SNRQAM + SNRelip (4)
If the target bit error probability Pe = 10-6, then the
SNRQPSK = 13.5dB and SNR64QAM = 26dB. For a given
BER, the ADC bits required by QPSK is 2 bit less than that
is required by 64QAM. Therefore, the ADC bit requirement
of IEEE802.lln is high.
Considering SNRilip, in an OFDM system the input data
in the frequency domain can be considered to be uniformly
distributed. It can be shown by applying the central limit
theorem that the time domain samples after the IFFT has a
Zero mean Gaussian distribution. The covariance 72 of the
time domain signal is directly proportional to NPt,0, where
Pt,, is the largest modulated symbol power in frequency
domain. For IEEE802.1In system, NPt,j = 64 x 2 2 and for
the OFDM-UWB system NPt,j = 128 x v7. The combined
effect of the SNRilip and SNRQAM will cause the OFDM-
UWB systems to use about 4bits to 5bits less than the ADC
bits required by the IEEE802.lln systems.
The effect of ADC bit precision on the BER performance
is shown in Fig. 4 and Fig. 5. OFDM-UWB and IEEE802.1 In
systems with a frequency offset of 100kHz is simulated. The
channel models, CM1 [9] for OFDM-UWB and MultipathA
[10] for IEEE802.11n, are used. It can be observed that,
the simulated OFDM-UWB system shows better robustness
than the IEEE802.1In system when the ADC clippings occur.
OFDM-UWB can achieve near floating point performance
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Fig. 4. ADC clipping effect on IEEE802.1 In systems.
Fig. 6. PER performance of OFDM-UWB in CMI and CM2 and MIMO-
OFDM based IEEE802.1 In ETSI multipathA (MPA).
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Fig. 5. ADC clipping effect on OFDM-UWB systems.
with only a 5bit ADC. The IEEE802.1In system required
10bits to achieve the similar performances. However, we
must be aware that the OFDM-UWB system use an ADC
with 1GHz sampling rate while the IEEE802.lln system use
ADC with only 40MHz sampling. We can again see that the
bandwidth trades off the bit width of the ADC.
C. Radio Frontend
Radio Frontend (RF) is very important for OFDM systems
[7]. The linearity of the power amplifier (PA), the accuracy
of the ADC and the dynamic range of the other components
are usually emphasized in the OFDM RF design. These
requirements have a close relationship with the signal band-
width, power and the modulation method. Different system
features of these two system enforce different constraints on
the respective RF front end. Since the OFDM-UWB system
has a large frequency space, it reduces the strict requirements
on the high pass filter to eliminate the DC in the system. On
the other hand, the high sampling rate makes it is difficult to
over sample and also raise the requirement for an anti-aliasing
low pass filter.
Generally, a system with a larger bandwidth requires a more
expensive ADC with a higher sampling rate, and has more
stringent demand for the linearity of the RF components. But
as shown above, OFDM-UWB system only needs a 5bit ADC,
comparing to the 10bit ADC for IEEE802.11n. When we
consider the requirement of the power amplifier, OFDM-UWB
systems do not necessarily have strict linearity requirements
than IEEE802.11n. Linearity of RF components is easier to
maintain in the smaller power region and the power backoff
is relatively smaller.
IV. SYSTEM PERFORMANCE COMPARISON
In this section, we compare the system performances of the
IEEE802.1 In and OFDM-UWB systems. The simulation sys-
tem for MIMO-OFDM is a simplified version of IEEE802.1 In
in which we use 2 x 2 MIMO providing a data rate as high
as 108Mbps. The bandwidth of 20MHz in the 2.4GHz band
is used. Other options suggested in the candidate standards
of IEEE802.11n, such as advanced coding and beamforming,
are not implemented. More precisely, this model is an MIMO
extension of an IEEE802.ila system. The simulated OFDM-
UWB system (mainly the transmitter) is based on the proposal
[8]. To make the comparison fair, the modulation and coding
associated with the data rate of 110Mbps are used. In the
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TABLE I
OFDM-UWB AND IEEE802.1 IN PARAMETER COMPARISON.
Parameter
IFFT complexity
ADC bits
Af
ICI
Sampling rate
Bandwidth
Frequency selective fading
PSD (dBm/MHz)
PA nonlinearity
SNR gain at 10-1PER
100Mbps data rate
RF complexity
RF cost
OFDM-UWB IEEE 802.1 In
high
5
4.125 MHz
Robust
1GHz
528 MHz
Sensitive
-41.25
Robust
9dB
High
High
(Complexity)
low
10
312.5 KHz
SNR degradation
40 MHz
20 MHz
Robust
3.98
Sensitive
Low
High
(Multiple RF)
simulations, each packet contains 1000 information bytes. To
match the simulation with practical implementation, 100KHz
frequency offset in the receiver is introduced, and 4,s pream-
bles are used for activating the RF circuit.
Some key aspects of implementations are described as fol-
lows. The frequency offset estimation is realized by calculating
the self-convolution of the short preambles in IEEE802.1in
and the Packet synchronization preamble in OFDM-UWB,
respectively. The time synchronization is implemented by
monitoring the cross-correlation between the long preamble
and the received signal in IEEE802.11n, and between the
frame synchronization preamble and the received signal in
OFDM-UWB, respectively. The channel estimation is per-
formed in frequency domain using the long preamble and
channel estimation sequence in both IEEE802.1 In and OFDM-
UWB. The signal-to-noise ratio (SNR) is defined as the ratio
between the mean received signal power and the mean AWGN
power averaged over each packet.
A. Simulation Results
Fig. 6 shows the packet error rate (PER) performance
of OFDM-UWB and IEEE802.1In based on floating point
computation. Multipath environments are simulated for both
systems; i.e., CM1 and CM2 [9] for OFDM-UWB, and ETSI
multipathA [IO] for IEEE802.1 In. From the Fig. 6, we can see
that, for a given PER (e.g., 10- 1) the OFDM-UWB system has
almost 9dB SNR gain compared to IEEE802.1 In. The similar
gain is expected in the BER performance as well. The reasons
for such a large gain can be credited to the modulation and
the time-frequency spreading used in OFDM-UWB systems.
Firstly, the QPSK modulation used in OFDM-UWB nearly
provides 6dB advantage to 64QAM used in WLAN; and
secondly, the time-frequency spreading in OFDM-UWB adds
extra 3dB advantage.
Important system parameters and implementation require-
ments of the MB-OFDM based UWB and MIMO-OFDM
based IEEE802.lin systems are compared in the Table 1.
V. CONCLUSIONS
Based on the comparison between OFDM-UWB and
IEEE802.1in system, we highlights the importance of some
of the design parameters of OFDM systems and the corre-
sponding reasons for the parameters selected in OFDM-UWB
and IEEE802.1 In. We concluded that the OFDM-UWB has
a better ability for combating the ADC clipping and required
much less ADC bit precision, robust against ICI caused by
frequency offset, and has a good PER. All of these advantages
of OFDM-UWB are due to its low power and large bandwidth.
IEEE802.1 In systems has larger range, and robust against
channel variations. And the large bandwidth for the OFDM-
UWB system forced the baseband implementation based on a
parallel mode, which pushes the complexity of OFDM-UWB
to a level much higher than IEEE802.1 In. The basic difference
between these two systems is the bandwidth which trades off
the power. The power and bandwidth have a significant impact
on the system performance and hardware implementation.
An open problem arises: what is the optimal bandwidth that
an OFDM system can adopt to balance the performance,
complexity and the implementation cost?
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